To investigate myocardial function in patients with obstructive jaundice before and after internal biliary drainage.
Objective
To investigate myocardial function in patients with obstructive jaundice before and after internal biliary drainage.
Summary Background Data
Increased plasma levels of atrial natriuretic peptide (ANP) have been found in patients with biliary obstruction.
Methods
Thirteen patients with newly diagnosed obstructive jaundice and no previous heart, lung, or renal disease were studied using a Swan-Ganz catheter. Hemodynamic measurements were taken before and 4 days after internal biliary drainage. Levels of ANP and brain natriuretic peptide (BNP) were obtained and liver function tests were also determined.
Results
Plasma levels of ANP and BNP were increased twofold to fourfold in the basal state and declined after biliary drainage. Independent variables predicting left ventricular systolic work were total bilirubin concentrations, duration of jaundice, and BNP. In addition, bilirubin concentrations correlated with pulmonary vascular resistance, mean arterial pulmonary pressure, and right ventricular systolic work. Internal biliary drainage resulted in an improvement in left ventricular systolic work. A correlation was found between decreasing ANP concentrations and increasing cardiac output.
Conclusions
Increased plasma levels of natriuretic peptides in patients with obstructive jaundice may reflect a subclinical myocardial dysfunction correlating with the degree of jaundice. After internal biliary drainage, there is a measurable improvement of cardiac function.
Hypotension and renal failure are well-known complications in patients with obstructive jaundice (OJ) undergoing surgery or experiencing an infection. In 1960, Williams et al 1 showed that the volume of blood that had to be withdrawn from animals with OJ to produce shock was significantly less than in normal controls. Dawson 2 drew attention to the increasing problem of renal failure in patients undergoing surgery for OJ, and suggested that preoperative infusion of mannitol could prevent postoperative renal dysfunction. The use of mannitol infusion, however, has not been validated by prospective studies, 3 and emphasis has been placed on extracellular fluid depletion 4,5 and myocardial dysfunction 6 as causes of hemodynamic disturbances in patients with OJ. Experimental and human studies [7] [8] [9] have shown that obstruction of the biliary tract is associated with elevated plasma concentrations of the atrial natriuretic peptide (ANP). These occur despite the moderate volume depletion that is a hallmark of OJ. 4, 9 In experimental studies, the most probable origin of in-creased ANP concentrations was found to be the heart. 8, 10 Further investigations showed that increased plasma ANP concentrations return to normal bile flow is restored. 9, 11 We conducted this study to investigate whether cardiac function correlates with liver function test results in patients with OJ and whether decreasing ANP concentrations after biliary drainage reflect an improvement of cardiac function. 12, 13 Brain natriuretic peptide (BNP) plasma concentrations were also investigated because recent data suggest that they may be a better marker of heart failure development than ANP. 14 
PATIENTS AND METHODS

Sample Size
Because of the invasive character of the investigation, we included the minimum number of patients necessary for adequate statistical power. In a previous study, 9 we observed a 40% mean reduction of the ANP plasma concentration 72 hours after biliary drainage. Thus, it was calculated that 10 patients would be required for a 40% decrease of plasma ANP concentrations to reach a statistical significance in a two-tailed comparison (␣ error Ͻ 5%, power of 85%). Accordingly, the study was planned to include 15 patients to account for potential postinclusion losses resulting from unforeseen events.
Inclusion and Exclusion Criteria
Inclusion criteria were patients aged 18 to 75 years with a total bilirubin level of more than 6 mg/dL and biliary tree dilation (intrahepatic ducts Ͼ4 mm, extrahepatic duct Ͼ8 mm), shown by ultrasound, resulting from either a benign or malignant condition. Patients were excluded if any of the following were encountered: hypertension; heart, renal (creatinine Ͼ1.5 mg/dL or prerenal azotemia), or lung disease; cirrhosis; need for intravenous fluids; hepatic metastasis; ongoing infection (cholangitis or other); or use of medications that could interfere with cardiac or renal function (e.g., ␤-blockers, calcium channel blockers, digoxin, diuretics). Patients who had complications after biliary drainage (pancreatitis, bleeding, perforation) were also excluded. The Ethics Committee of the Hospital Universitario Reina Sofía approved the protocol, and written informed consent was obtained from all patients.
Instrumentation
No intravenous fluids were administered before biliary drainage, and patients were fed a regular oral diet. On the morning of the first hemodynamic study, a baseline blood sample was obtained to determine ANP, BNP, liver function tests, albumin, and hematocrit. Then a Swan-Ganz catheter was inserted through the right internal jugular vein under fluoroscopic and electrocardiographic monitoring. From this time on, a solution consisting of 1% heparin in 5% dextrose was given through the catheter to prevent clogging at a flow of 12 mL/h. A basal hemodynamic assessment was performed, including central venous, arterial systemic, and pulmonary pressures; cardiac output (by thermodilution); cardiac index; pulmonary capillary pressure; systolic volume; systolic index; left and right systolic work; and systemic and pulmonary vascular resistance. After this, fluid loading with normal saline (1,000 mL/h) was performed and the volume required to increase the pulmonary capillary pressure to 14 mm Hg was registered.
On the second study day, a biliary drainage procedure was carried out after which patients were fasted and kept on intravenous fluids at a rate of 35 mL/kg for 12 hours. After this period, intravenous fluids were withdrawn and the patients resumed free oral intake. Three days after biliary drainage, a blood sample was obtained for hormonal and biochemical determinations and a similar hemodynamic investigation was carried out. Then the Swan-Ganz catheter was withdrawn and the investigation protocol was terminated.
Biliary Drainage
Internal biliary drainage was performed either percutaneously or endoscopically using a 10F plastic prosthesis. Endoscopic biliary drainage was achieved by papillotomy, extraction of biliary stones when present, and placement of a straight prosthesis. Luminal access of percutaneously inserted catheters was confirmed by radiography, and the outer end of drainage was locked 12 hours after insertion. Fluid losses during this short period were replaced with saline. Drainage was considered successful if the total bilirubin level had decreased by at least 30% and aerobilia with reduction of the common bile duct diameter was shown by ultrasound 72 hours after the procedure. Patients with an unsuccessful drainage were also excluded.
Hormonal Assays
Blood samples were collected into chilled tubes containing EDTA (2 mg/mL) and aprotinin (Trasylol 400 KIU/mL; Sigma Chemical, St. Louis, MO). Samples were centrifuged within 30 minutes of collection (3,000 rpm at 4°C for 10 minutes). The plasma was decanted and stored frozen for subsequent determination. Radioimmunoassay and immunoradiometric assay (IRMA) techniques with intraassay variation coefficients of 5% and 6% were used to determine ANP (h-ANP, Cob. I-AR55 Co. Ltd., Tokyo, Japan; reference values: 20 -60 pg/mL) and BNP (Shjonoria BNP Biointernational, Gif-sur-Ybete, France; reference values: 2-10 pg/mL), respectively. Cross-reactivity between the two assays was less than 1 ϫ 10Ϫ 5 . Assays of plasma samples were made in duplicate and measurements were performed on a gamma scintillator (Ultrogamma Counter-Ina, Crystal 2-5400 B-5412; Packard Instrument Company Inc., Canberra, Australia). 
Statistical Analysis
A two-tailed paired Student t test was used to compare hemodynamic and endocrine changes before and after biliary drainage, and the changes observed after saline loading. Statistical significance was set at P Ͻ .05. The correlation coefficient was calculated to determine the interdependence of related physiologic variables. Multivariate analysis using multiple linear regression was carried out to investigate the major determinants of left ventricle systolic work. Variables for which P Ͼ .1 were successively eliminated from the regression model using the stepwise method.
RESULTS
Of the 15 patients initially included, 1 could not be properly evaluated because of failure of the drainage procedure and 1 was excluded because of a moderate attack of acute pancreatitis occurring after endoscopic drainage. The 13 remaining patients were 8 men and 5 women with ages ranging from 39 to 72 years (mean 62). The diagnoses were chronic pancreatitis (n ϭ 1), cholangiocarcinoma (n ϭ 6), ampulloma (n ϭ 2), and pancreatic cancer (n ϭ 4). Biliary drainage was accomplished either percutaneously (n ϭ 7) or endoscopically (n ϭ 6), and 3 days after the procedure the total bilirubin level decreased from 20 to 9 mg/dL (P ϭ .0001). There were no differences between the endoscopically and the percutaneously drained patients with regard to the reduction of the bilirubin or alkaline phosphatase serum concentration. The patients (n ϭ 7) with total bilirubin concentrations of more than 20 mg/dL showed a more pronounced decline of total bilirubin values after drainage (Ϫ13.6 vs. Ϫ7.9 mg/dL; P ϭ .04).
Basal Assessment
In the basal state, there was correlation between plasma ANP and BNP concentrations (r ϭ 0.76; P ϭ .002). The left ventricular systolic work correlated with the total bilirubin concentrations (r ϭ Ϫ0.78; P ϭ .002) ( Fig. 1) , the duration of jaundice (r ϭ Ϫ0.73; P ϭ .005), and the plasma BNP concentrations (r ϭ Ϫ0.59; P ϭ .03). The total bilirubin level also correlated with right heart hemodynamic parameters such as pulmonary vascular resistance (r ϭ 0.69; P ϭ .009), mean arterial pulmonary pressure (r ϭ 0.67; P ϭ .01), and right ventricular systolic work (r ϭ 0.56; P ϭ .05).
By multivariate analysis, the independent variables explaining the left ventricular systolic work were the total bilirubin concentration (P ϭ .002), the duration of jaundice (P ϭ .005), and the plasma concentration of BNP (P ϭ .03). The predictive formula combining these three variables was left ventricular systolic work ϭ 146 minus 0.09(BNP) minus 1.45(total bilirubin) minus 0.97(duration of jaundice) (r 2 ϭ 0.87; P ϭ .0002).
Assessment After Biliary Drainage
Biliary drainage was followed by a significant reduction in both ANP (P ϭ .0002) and BNP (P ϭ .03) plasma concentrations ( Table 1) . Comparisons between hemodynamic data are shown in Table 2 . A significant improvement in cardiac output, cardiac index, systolic volume, and left ventricular systolic work was recorded. A correlation was found between decreasing ANP plasma concentration and increasing cardiac output (Fig. 2 ). This correlation was not observed for BNP. Finally, once the bile flow was reestablished into the duodenum, the volume required to increase the pulmonary capillary pressure was almost double that in the predrainage period (P ϭ .01). There were no differences in the bilirubin decrease or in the hemodynamic and endo- crine responses between patients drained percutaneously or endoscopically.
Although the sample was small for subgroup analysis, no differences were found in the basal endocrine or cardiovascular status or in response to biliary drainage of patients according to their diagnosis. Specifically, basal or postdrainage variables of patients with cholangiocarcinoma did not differ from those of patients with other causes of biliary obstruction.
There were no cardiac, mechanical, or septic complications attributable to the insertion or maintenance of the Swan-Ganz catheter.
DISCUSSION
Subtle renal and cardiovascular abnormalities have been known to occur in patients with OJ for many years. 15, 16 These derangements predispose patients to hypotension, shock, or acute renal failure when challenged with infection, hemorrhage, surgery, or treatment with aminoglycoside antibiotics. 16, 17 The causes for this are still under scrutiny. Endotoxemia was once thought to interfere with renal func-tion in patients with OJ. 18 A role for fluid depletion has also been firmly established. 4, 5, 16, 19 In 1986, Green et al 6 reported reduced myocardial contractility in dogs with a choledococaval shunt. More recent work has shown that basal cardiac contractility is impaired in rats 3 days after common bile duct ligation. 20 In accordance with these observations, we have repeatedly observed elevated ANP plasma concentrations in association with biliary obstruction in both experimental and clinical studies. [7] [8] [9] [10] [11] Values of ANP were particularly high when an aggressive model of conjugated hyperbilirubinemia was used by diverting bile directly to the bloodstream. 11 Elevated ANP and BNP plasma concentrations have been reported to have a high sensitivity and specificity for the diagnosis of symptomless left ventricular dysfunction, [12] [13] [14] and this prompted us to undertake hemodynamic studies in patients with OJ. Our results confirm previous findings of increased ANP plasma concentrations in patients with severe OJ, as well as their decline after biliary drainage. 9 In addition, BNP plasma concentrations were also found to be increased, correlating with ANP concentrations and decreasing after biliary drainage. High basal ANP and BNP concentrations were associated with a hemodynamic baseline pattern characterized by low systemic vascular resistance, a low-normal cardiac index, and a relatively high pulmonary capillary pressure. This seems to be mostly secondary to an impairment of the left ventricular function, because a close correlation was found between the degree of jaundice and its duration, and the left ventricular systolic work. The fact that bilirubin concentrations correlated positively with the pulmonary vascular resistance and the mean pulmonary artery pressure would suggest that subclinical left failure is associated with a retrograde impairment of the pulmonary circulation. The relatively low peripheral arterial resistances found in this study (normal values in our laboratory range from 1,600 to 2,400 dyn.seg.m 2 /cm 5 ), also Cardiac Dysfunction in Obstructive Jaundice reported in animals with OJ, 21 may be due to the vasodilating effects of ANP. 22 The decrease of the plasma ANP and BNP concentrations induced by biliary drainage was paralleled by an improvement of all the hemodynamic parameters, particularly left ventricular function. Because the creatinine clearance showed no marked changes after drainage, the ANP and BNP decline cannot be attributed to increased clearance rates of these hormones but rather to better cardiac contractility.
Additional proof for the presence of impaired myocardial contractility in patients with OJ is provided by the following findings. Once biliary drainage was established, the saline volume required to increase the pulmonary capillary pressure to 14 mm Hg was almost double that in the predrainage period. Despite some fluid retention, as indicated by a decrease in the albumin and blood urea nitrogen concentrations, after biliary drainage there was a reduction of the pulmonary capillary pressure and an almost significant reduction of the central venous pressure. This can be attributed to an improvement of myocardial contractility parameters because no changes in preload or afterload were observed.
Thus, our data suggest that obstruction of the biliary tract has a depressor effect on myocardial contractility, especially on left ventricular function. This may help to explain the pathophysiology of shock in patients with acute severe cholangitis and may be relevant in jaundiced patients with previous cardiopulmonary disease, particularly in those who require surgery.
In summary, the serum bilirubin level, the duration of jaundice, and the BNP plasma concentration are factors predicting left ventricular work in patients with biliary obstruction. Internal biliary drainage produces an improvement in hemodynamic and endocrine markers of cardiac function.
